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a  b  s  t  r  a  c  t

Background:  Lopinavir-ritonavir  is  a repurposed  drug  for  coronavirus  disease-2019  (COVID-19).  In  this
study, a pooled  effect  of  lopinavir-ritonavir  on  mortality,  virological  cure,  radiological  improvement  and
safety  profile  in  COVID-19  patients  has  been  evaluated.
Methods: The  databases  were  searched  for comparative  randomized  controlled  studies  evaluating  the
efficacy  and/or  safety  of  lopinavir-ritonavir  in COVID-19  patients.  The  mortality  outcome  was pooled  as
a risk difference  (RD) with  95% CI.  The  virological  cure,  radiological  improvement  and  adverse  events
were  pooled  as  risk  ratio  (RR)  with  95% CI.  All  outcomes  were  pooled  using  the  Mantle-Hanzle  method
random  effect  model.  The  heterogeneity  was  assessed  using  the I2 test.
Results:  Out of  82  full  text  assessed,  seven  studies  were  included  in  the  analysis.  The  included  studies
had  five  different  control  interventions:  supportive  care  (n =  4),  umifenovir  (arbidol)  (n =  2),  navaferon
(recombinant  anti-tumour  and  anti-virus  protein)  (n  =  1),  lopinavir-ritonavir  +  novaferon  (n  =  1)  and
lopinavir-ritonavir  + interferon  beta  1b  + ribavirin  (n =  1).  Lopinavir-ritonavir  group  did  not  show  signif-
icant  difference  in mortality  [RD:  0.00  (95%  CI: −0.01, 0.02),  I2 = 0], virological  cure [RR:  1.06  (95%  CI:
0.85,  1.31),  I2 =  0%],  radiological  improvement  [RR:  0.81  (95%  CI: 0.62,  1.05)]  and  adverse  events  [RR:  2.59
(95%  CI: 0.17,  38.90),  I2 =  75%]  than  supportive  care.  Similarly,  no  difference  was  observed  for any  efficacy
outcomes  between  lopinavir-ritonavir  and  other  control  interventions.  We  observed  significantly  high

risk of  adverse  events  with  lopinavir-ritonavir  as  compared  to umifenovir  [RR:  2.96  (95%  CI:  1.42–6.18);
I2 =  0%].
Conclusion: There  is  no benefit  of  the  addition  of  lopinavir-ritonavir  to the  standard  care  in  COVID-19
patients.

©  2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
belongs to the beta Coronaviridae family, like SARS-CoV and Mid-
dle East respiratory syndrome coronavirus (MERS-CoV) [1] and is

responsible for the current pandemic of Corona Virus Disease 2019
(COVID-19). After infection, patients present with mild to severe
symptoms, including fever, cough, sore throat, rhinorrhea, severe
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neumonia, and septic shock. Few patients infected with SARS-
oV-2 develop acute respiratory distress syndrome, leading to a
igh rate of admission to intensive care units and ultimately death

n severe cases [2,3]. The clinical presentation of COVID-19 greatly
esembles SARS-CoV infection [3].

Currently, no antiviral treatment is proven to be effective
n SARS-CoV-2 infection. Optimized supportive care remains the

ainstay of therapy for it. Therefore, identifying drug treatment
ptions as soon as possible is critical for the response to the COVID-

9 outbreak.

The Lopinavir-ritonavir combination is one of the repurposed
rugs currently used in the treatment of COVID-19. They are pro-
ease inhibitors used for treating HIV infection. Both these drugs are
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suggested to inhibit SARS-CoV 3C-like protease enzyme [1]. The
protease is considered a key enzyme in coronavirus polyprotein
processing [4]. In vitro study of Choy et al. suggested that lopinavir
could achieve the therapeutic working concentration of 26.63 �M
against SARS-CoV-2 in Vero E6 cells [5]. However, ritonavir alone
did not show the in vitro activity against SARS-CoV-2. Another
in vitro study by Kang et al. observed significant antiviral activ-
ity of a combination of lopinavir-ritonavir against SARS-CoV-2 [6].
A recent animal study by Park et al. did not show in vivo efficacy
of lopinavir-ritonavir in SARS-CoV-2 infection in the ferret model
[7]. The current use of lopinavir-ritonavir is mainly based on the
experience of the use of lopinavir-ritonavir in SARS and MERS. A
systematic review of lopinavir-ritonavir therapy in patients of SARS
and MERS suggested better clinical outcomes and a lower risk of
ARDS or death. However, the evidence was mainly based on case
reports and retrospective case-series [8].

The literature for the use of lopinavir-ritonavir in the treatment
of COVID-19 is now available in the form of randomized controlled
trials. So, this systematic review aimed to find out the efficacy
and safety outcomes in COVID-19 patients treated with lopinavir-
ritonavir combination through the meta-analytic summary.

Material and methods

Study identification

Two investigators independently systematically searched
the databases: PubMed, medrxiv.org, biorxib.org, mediterranee-
infection.com/pre-prints-ihu, Google Scholar and CNKI. The search
terms were: (Lopinavir AND Ritonavir) AND (COVID-19 OR corona-
virus OR SARS-CoV-2). The last search was run on 27th December
2020. There were no language and time restriction to include the
published articles. Titles, abstracts and full articles (if required)
were assessed for deciding the eligibility of retrieved articles. Any
disagreements were resolved by discussion and consensus among
the authors.

Selection criteria

Inclusion criteria

• Randomized controlled clinical trials (open labelled or blinded
studies)

• Comparative trials of lopinavir-ritonavir with any other inter-
ventions (placebo, supportive care or any other treatment
modalities)

• studies evaluating the efficacy and/or safety of Lopinavir-
ritonavir in confirmed COVID-19 patients (any age, either sex)

Exclusion criteria:

• Studies with less than 10 participants in the treatment arms
• Non-SARS-CoV-2 studies,
• Non-comparative clinical studies, in vitro or cell culture, animal

studies,
• Non-research articles (e.g. review articles, meta-analysis) and

duplicate publications.

Types of interventions

Use of lopinavir-ritonavir irrespective of dose and duration of

therapy was considered. All treatment modalities including sup-
portive care or placebo were considered as the control arm. The
interventions as an add on to the lopinavir-ritonavir treatment arm
were analyzed separately.
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isk of bias assessment of included studies

Two  investigators assessed the methodological quality of the
ncluded randomized studies as per revised Cochrane “risk of bias
ssessment tool for the randomized controlled clinical trials (ROB-
I)” [9]. Each study was assessed for the possibility of risk of bias in
he following five domains: a process of randomization, deviations
rom the intended interventions, missing outcome data, outcome

easurement and selection of the reported results. Each domain
as  categorized into low, high or having some concerns in the

isk of bias assessment [9]. Any disagreements were resolved by
iscussion and consensus among the authors.

ata extraction

The following data were extracted in a Microsoft Excel sheet,
016: first author, publication year, study design, study site, base-

ine data of study population in treatment arms (age, gender,
he severity of the disease, days of illness to start of treatment),
opinavir-ritonavir and comparator interventions (dosage, duration
nd route of administration), supportive care and efficacy (mortal-
ty, virological cure, radiological improvement in treatment arms),
afety (adverse events) data and intention to treat analysis. The data
ere cross-checked to ensure the accuracy of extraction.

fficacy outcomes

Mortality, virological cure and radiological improvement
etween patients who  received lopinavir-ritonavir and control

nterventions at the end of the study period were analyzed based
n the type of control interventions. At the end of study period data
ere used in case of multiple time-point estimations of outcomes

n the included studies. The intention to treat the study population
as  used to estimate the efficacy outcomes.

afety outcome

The safety outcomes were the number of adverse events
etween lopinavir-ritonavir and control interventions at the end of
he study period. Adverse events were analyzed based on the type
f control interventions using the safety population. All patients
ho received lopinavir-ritonavir and control interventions irre-

pective of per-protocol dose and duration were considered as a
afety population.

ata synthesis

All outcomes were the dichotomous variables. The mortality
utcome was  summarized as a risk difference (RD) with 95% CI.
he virological cure, radiological improvement and adverse events
ere summarized as risk ratio (RR) with 95% CI. All outcomes were
ooled using the Mantle-Hanzle method. The fixed effect or random
odel was  used to estimate the meta-analytic summary. In case of

ubstantial heterogeneity, the random effect model was  preferred
ver the fixed effect model. The heterogeneity was assessed using
he I2 test. The heterogeneity was considered as 25% – low, 50% –

oderate and 75% – high. The publication bias was  assessed visually
hrough a ‘funnel plot’. It was  plotted using [log (OR)] and standard
rror of efficacy and safety outcomes.

The sensitivity analyses of efficacy and safety outcomes were
erformed based on the risk of bias assessment as per ROB-II tool.

he meta-analytic summary was  estimated by excluding studies
howing ‘some concern’ or ‘high’ risk of bias.

The meta-analysis was  performed through ‘Review manager
oftware version 5.3′.
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Fig. 1. Study selectio

Results

Study characteristics

From the literature search, we retrieved 2188 references and
assessed 82 full-text articles. A total of 7 randomized controlled
studies fulfilling the selection criteria were included in the anal-
ysis (Fig. 1). Among 7 included studies, there were total 9
control interventions with five different modalities: supportive
care (n = 4), umifenovir (n = 2), novaferon (n = 1), lopinavir-
ritonavir + novaferon (n = 1) and lopinavir-ritonavir + interferon
beta 1b + ribavirin (n = 1). Umifenovir is a generic name of arbidol.
It is used as an antiviral drug for influenza in Russia and China.
Novaferon is a recombinant anti-tumour and anti-virus protein,
which is developed using cDNA sequences of 12 human interferon
subtypes. Its nucleotide sequences are 89% homologous to human
interferon �-2b. The general characteristics of all included studies
are presented in Table 1 [10–16].

Cao et al. conducted an open labelled randomized study with a
follow-up of 28 days. Of 199 randomized participants, 99 received
lopinavir-ritonavir and 100 received standard care only. Partici-
pants in both groups were comparable at baseline for the age,

gender, clinical features, laboratory values, comorbid conditions,
National Early Warning Score 2 (NEWS2), days from illness to ran-
domization and severity status. NEWS2 at admission is calculated
based on respiration rate, oxygen saturation, systolic blood pres-

s
c
a
c
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ISMA flow diagram.

ure, pulse rate and level of consciousness. Each parameter is scored
rom 0 to 3. The total possible score of NEWS2 ranges from 0 to 20. A
igher score indicates greater clinical risk and the need for intensive
onitoring. Both groups were comparable for the use of vasopres-

ors, antibiotic agents and glucocorticoid therapy during the study
eriod. However, the mean viral load was  higher in patients who
eceived lopinavir-ritonavir than those who received standard care
lone (4.4 ± 2.0 vs. 3.7 ± 2.1) [10].

Horby et al. conducted an open labelled randomized study with
 follow-up of 28 days. Of 5040 randomized participants, 1616
eceived lopinavir-ritonavir and 3424 received standard care only.
articipants in both groups were comparable at baseline for the age,
ender, ethnicity, comorbid conditions and requirement of respira-
ory support. The median duration of lopinavir-ritonavir treatment
as 5 days (IQR: 2–8). Both groups were comparable for the use

f azithromycin, dexamethasone, tocilizumab and convalescent
lasma [11].

Hung et al. conducted an open labelled randomized trial
ith a follow-up of 30 days. Of 127 randomized participants,

1 assigned to receive lopinavir-ritonavir and 86 combined
herapy (lopinavir-ritonavir, ribavirin and interferon beta-1b).
oth groups were comparable at baseline for the age, gender,
everity status, comorbidities, clinical presentations, radiologi-

al findings, days from illness to randomization, NEWS2 score
nd sequential organ failure assessment (SOFA) score and use of
orticosteroids [12].



T.K
.

 Patel
 et

 al.
 

Journal
 of

 Infection
 and

 Public
 H

ealth
 14

 (2021)
 740–748

Table 1
General and baseline characteristics of included studies.

Study Design Study period
(Months-Year)
and Study site

Study
Population

Total number
of participants
random-
ized/completed

Age Male
Gender
(%)

Co-existing
conditions (%)

Severity
status (%)

Drug, dose and
duration of
interventions

Follow up
duration (Days)

Outcome
evaluated

Mean ± SD
years/Median (IQR)*

Median
(IQR)*

LR Comparator

Cao et al.,
2020 [10]

Randomized,
Open
labelled
trial

Jan 2020
to Feb
2020
(China)

All Hospi-
talized
COVID-19
patients
with
evidence of
lower
respiratory
tract
involve-
ment

Total:
199/196LR:
99/96
SC:
100/100

LR: 58.0
(50.0–68.0)*SC:
58.0
(48.0–68.0)*

LR:
61.6SC:
59.0

LR: DM
(10.1)
CrVD
(5.1)
SC: DM
(13.0)
CrVD
(8.0)

NEWS2
score at
Day 1
LR: 5.0
(4.0–6.0)*
SR: 5.0
(4.0–7.0)*

LR
(400–100 mg)
orally
every 12 h
for 14 days

SC 28 Mortality,
Virological
clearance,
Adverse
events

Horby
et  al.,
2020 [11]

Randomized,
Open
labelled
trial

March
2020 to
June
2020
(United
King-
dom)

All Hospi-
talized
COVID-19
patients

Total:
5040/4806LR:
1616/1394
SC:
3424/3412

LR: 66.0
(16.0)SC:
66.4
(15.8)

LR:
60.0SC:
61.0

LR: DM
(27.0)
HD (25.0)
SC: DM
(28.0)
HD (27.0)

MV at
random-
ization
LR:
(4.0)SR:
(4.0)

LR
(400–100 mg)
orally
every 12 h
for 10 days
or  until
discharge

SC 28 Mortality

Hung
et  al.,
2020 [12]

Randomized,
Open
labelled
trial

Feb to
March
2020
(China)

All Hospi-
talized
COVID-19
patients

Total:
127/126LR:
41/40LR
+ IFB + RV:
86/86

LR: 52.0
(33.5–62.5)LR
+ IFB + RV:
51.0
(31.0–61.3)

LR:
56.0LR
+ IFB + RV:
52.0

LR: DM
(15.0)
HT (32.0)
LR + IFB + RV:
DM
(13.0)
HD (27.0)

Baseline
NEWS2
score
LR: 2
(2–2)LR
+ IFB + RV:
2  (1–2)

LR
(400–100 mg)
orally
every 12 h
for 14 days

LR
(400–100 mg)
orally every
12 h, IFB 1
to 3 doses
alternate
day (8 MIU)
SC, RV
400 mg
every 12 h
for 14 days

30 Mortality,
Adverse
events

Li  et al.,
2020 [13]

Randomized,
Open
labelled
trial

Jan to
April
2020**
(China)

Mild-
Moderate
COVID-19
patients

Total:
86/86LR:
34/34UF:
35/35
SC: 17/17

LR: 50.7
(15.4)UF:
50.5
(14.6)SC:
44.3 (NS)

LR:
50.0UF:
45.7SC:
41.2

Underlying
chronic
diseases
LR: (20.6)
UF: (14.3)
SC: (35.3)

Moderate
cases
LR: (82.4)
UF: (94.3)
SR: (82.4)

LR
(400–100 mg)
orally every
12 h for
7–14 days

Umifenovir
(200 mg)
every 8 h
for 7–14
days SC

21 Mortality,
Virological
clearance,
Radiologi-
cal
improve-
ment,
Adverse
events

Nazomi
et  al.,
2020 [14]

Randomized,
Open
labelled
trial

April to
June
2020
(Iran)

All Hospi-
talized
COVID-19
patients

Total:
100/100LR:
50/50
UF: 50/50

LR: 56.2
(14.8)UF:
56.6
(17.8)

LR:
54.0UF:
66.0

LR: DM
(26.0)
HT (34.0)
UF: DM
(30.0)
HT (44.0)

Severe
patients
LR: (22.0)
UF: (24.0)

LR
(400–100 mg)
orally
every 12 h
for 10 days
or  until
discharge
Plus HCQ
(400 mg)
on Day 1

Umifenavir
(200 mg)
every 8 h
for 7–14
days
SC
Plus HCQ
(400 mg)
on Day 1

30 Mortality,
Virological
clearance,
Radiologi-
cal
improve-
ment,
Adverse
events
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Table 1 (Continued)

Study Design Study period
(Months-Year)
and Study site

Study
Population

Total number
of participants
random-
ized/completed

Age Male
Gender
(%)

Co-existing
conditions (%)

Severity
status (%)

Drug, dose and
duration of
interventions

Follow up
duration (Days)

Outcome
evaluated

Mean ± SD
years/Median (IQR)*

Median
(IQR)*

LR Comparator

Pan et al.,
2020 [15]

Randomized,
Open
labelled
trial

March to
October
2020 (30
countries
of Africa,
America,
Asia,
Europe)

Hospitalized
COVID-19
patients

Total: LR:
1411/1399
SC:
1380/1372

LR: NSSC:
NS

LR:
60.8SC:
58.4

LR: DM
(24.4)
HD (20.6)
SC: DM
(23.6)
HD (21.1)

LR: Ven-
tilated
(8.0)SC:
Ventilated
(8.3)

LR
(400–100 mg)
orally
every 12 h
for 14 days

SC 28 Mortality

Zheng
et  al.,
2020 [16]

Randomized,
Open
labelled
trial

NS
(China)

All Hospi-
talized
moderate
to severe
COVID-19
patients

Total:
89/89LR:
29/29NF:
30/30LR
+ NF:
30/30

LR: 37.0
(26.0–54.0)*NF:
46.5
(40.0–63.8)*LR
+ NF: 50.0
(37.8–62.8)

LR:
41.4NF:
56.7LR
+ NF: 43.3

LR: DM
(6.9)
HT (3.3)
NF: DM
(10.0)
HT (6.7)
LR + NF
DM
(10.0)
HT (10.0)

Severe
patients
LR:
(3.4)NF:
(6.7)LR
+ NF:
(6.7)

LR
(400–100 mg)
orally
every 12 h
–  Duration
NS

NF: NF
(20 �g)
every 12 h
inhalation
–  Duration
NS
LR + NF: LR
(400–100 mg)
orally
every 12 h
–  Duration
NS
+
NF (20 �g)
every 12 h
inhalation
–  Duration
NS

09 Virological
clearance,
Adverse
events

**As per clinicaltrials.gov; LR: lopinavir-ritonavir; SC – supportive Care; NF: novaferon (recombinant anti-tumour and anti-virus protein); IFB: interferon beta; RV – ribavirin; UF  – umifenovir; NS: not specified; DM – diabetes
mellitus; CrVD – cerebrovascular disease; HT – hypertension; HD – heart disease; NEWS2 – national early warning score 2; MV  – mechanical ventilation.
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Fig. 2. Traffic light plot showing risk of bias assessments for each individual study.

Fig. 3. Meta-analytic summary of mortality outcome based on the type of control interventions through fixed effect model.
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Fig. 4. Meta-analytic summary of virologocal cure parameter based on the type of control interventions through fixed effect model.
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Fig. 5. Meta-analytic summary of radiological improvement paramete

Li et al. conducted an open labelled, randomized study with a
follow-up of 21 days. Of 86 randomized participants, 34 received
lopinavir-ritonavir, 35 umifenovir and 17 standard care only. Par-
ticipants in all three groups were comparable at baseline for the
age, gender, clinical features, laboratory values, comorbid condi-
tions, days from illness to treatment initiation, severity status and
use of glucocorticoids [13].

Nozomi et al. conducted an open labelled, randomized study
with a follow-up of 21 days. Of 100 randomized participants, 50
received lopinavir-ritonavir and 50 umifenovir. All participants

received hydroxychloroquine 400 mg  on day 1. Participants in all
both groups were comparable at baseline for age, gender, clinical
features, comorbid conditions and severity status [14].

w
c
s

746
d on the type of control interventions through random effect model.

Pan et al. conducted an open labelled, randomized study with
 follow-up of 28 days. Of 2791 randomized participants, 1411
eceived lopinavir-ritonavir and1380 umifenovir. Participants in all
oth groups were comparable at baseline for age, gender, comor-
id conditions, previous days in the hospital before randomization,
aseline respiratory support and severity status [15].

Zheng et al. conducted an open labelled, randomized study
ith a follow-up of 9 days. Of 89 randomized participants, 29

eceived lopinavir-ritonavir, 30 novaferon and 30 combinations of
opinavir-ritonavir and novaferon. Participants in all both groups
ere comparable at baseline for age, gender, clinical features,
omorbid conditions and severity status. The median time from
ymptom onset to randomization was longer in the combination
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Fig. 6. Meta-analytic summary of adverse events based on

group of noveferon and lopinavir-ritonavir than individual drug
groups [16].

Risk of bias in included studies

The risk of bias assessment in individual randomized controlled
trials is presented in Fig. 2. Two randomized controlled trials stud-
ies were considered of having a ‘some concern’ as per ROB-II tool
[10,16]. The other studies were considered of having a ‘low’ risk of
bias.

Efficacy outcomes

Mortality
A total of six studies contributed to mortality data analyses. The

control interventions were supportive care in 4 studies, umifenovir
in 2 studies, novaferon in one stud and combined use of lopinavir-
ritonavir, interferon-beta and ribavirin in 1 study. There was  no
significant difference in risk reduction between lopinavir-ritonavir
and any of the control interventions in terms of mortality outcome
(Fig. 3). An I2 of 0% suggested a low degree of between-trial het-
erogeneity. The funnel plot was asymmetrical on visual inspection
(Supplementary Figure File – Supplementary Figure 1a). A sensitiv-
ity analysis did not affect this outcome.
Virological cure
A total of four studies contributed to virological cure analy-

ses. The control interventions were supportive care in 2 studies,
umifenovir in 2 studies, novaferon in one stud and combined use

A
p
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w
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pe of control interventions through random effect model.

f novaferon and lopinavir-ritonavir in 1 study. As shown in Fig. 4,
here was no significant difference between lopinavir-ritonavir and
ny of the control interventions in improving virological cure. An I2

f 0% suggested a low degree of between-trial heterogeneity. The
unnel plot was asymmetrical on visual inspection (Supplementary
igure File – Supplementary Figure 1b). A sensitivity analysis did
ot affect this outcome.

adiological improvement
Two  studies contributed to radiological improvement analy-

es. The control interventions were supportive care in 1 study and
mifenovir in 2 studies. As shown in Fig. 5, there was no signifi-
ant difference between lopinavir-ritonavir and supportive care or
mifenovir in improving virological cure. An I2 of 83% suggested a
igh degree of between-trial heterogeneity among studies evalu-
ting lopinavir-ritonavir and umifenovir.

afety outcomes

dverse events
A total of five studies contributed to adverse event data anal-

ses. The control interventions were supportive care in 2 studies,
mifenovir in 2 studies, combined use of lopinavir-ritonavir,

nterferon-beta and ribavirin in 1 study, novaferon in one stud
nd combined use of lopinavir-ritonavir and novaferon in 1 study.

s shown in Fig. 6, we  found no difference in adverse events in
atients treated with lopinavir-ritonavir than supportive care
RR:2.59 (95% CI: 0.17, 38.90); I2 = 75%]. Similarly, no difference
as  observed between lopinavir-ritonavir and novaferon or other
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combined intervention groups. However, we observed a signifi-
cantly higher risk of adverse events in lopinavir-ritonavir treated
patients than with the umifenovir [RR:2.96 (95% CI: 1.42, 6.18)]. An
I2 of 0% suggested a low degree of between-trial heterogeneity. The
funnel plot was  asymmetrical on visual inspection (Supplementary
Figure File – Supplementary Figure 1c). A sensitivity analysis did
not affect safety outcome.

Discussion

The pooled meta-analytic summary indicates a search for the
better drug against COVID-19 should go beyond the lopinavir-
ritonavir. We  observed no benefits of lopinavir-ritonavir in the
treatment of COVID-19. It did not affect mortality, virological cure
and radiological improvement in COVID-19 patients. A similar
trend was observed in the sensitivity analysis. We  observed no
difference in adverse events in patients treated with lopinavir-
ritonavir as compared to control interventions.

Our findings emphasize the need to evaluate drug repurposing
in the setting of randomized controlled trials before its widespread
use [17]. In vitro efficacy of Lopinavir-ritonavir against COVID-
19 is not reflected in clinical studies. This could be because of a
lack of reaching enough minimum effective plasma concentration
of lopinavir-ritonavir against SARS-CoV-2 in COVID-19 patients.
Alvarez et al. observed that clinically tested dose of lopinavir-
ritonavir (400 mg  + 100 mg)  would not achieve minimum effective
concentration in 50% of patients [18]. Another reason could be due
to the difference in protease enzyme present in HIV and coro-
navirus. In the case of HIV, the protease enzyme belongs to the
aspartic protease family, whereas in coronavirus protease enzyme
is of the cysteine protease family. Another important difference is
the catalytic site – C2 symmetry, which is only present in the HIV
protease enzyme [19]. The earlier evidence of the therapeutic util-
ity of lopinavir-ritonavir was not robust against SARS and MERS [8].
In the case of SARS, lopinavir-ritonavir was studied in two retro-
spective studies (one with historical comparator) in combination
with ribavirin [20,21]. In the case of MERS, therapeutic evidence
was based on two case reports in combination with ribavirin and
interferon-alpha [22,23].

Lopinavir-ritonavir was compared with four different
treatment modalities in the included studies. The control
interventions include supportive care, umifenovir, novaferon,
novaferon + lopinavir-ritonavir and lopinavir-ritonavir + interferon
beta 1b + ribavirin. All of them are repurposed drugs or their
combinations. They are used in the treatment of COVID-19 based
on in vitro data or an earlier experience with the out-brakes
of influenza, SARS and MERS [4,8,24]. Their clinical evidence in
COVID-19 is limited.

This study has several limitations. Our findings on lopinavir-
ritonavir should be interpreted cautiously due to the inclusion of
only open labelled randomized studies. The analysis of efficacy and
safety outcomes are based on the small number of studies in each
control intervention.

In conclusion, Lopinavir-ritonavir do not improve virological
cure, radiological findings, mortality in COVID-19 patients. The
findings need to be confirmed through a randomized double-blind
controlled trial.
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